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ENVIRONMENTAL FACTORS ASSOCIATED WITH LARVAL HABITATS
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ABSTRACT, The larval habitats of malaria vectors near the DemilitarizedZone of the Republic of Korea(ROK) were sampled from June through September 20O0 to determine larval abundance and to identify envi-
ronmental factors associated with high larval density. Six primary habitats were identified: rice fields, irrigation
ditches, drainage ditches, stream pools, irrigation pools, and marshes. Most habitats harbored similar densities
of larvae until August and September, when population densities in rice fields declined and those in irrigation
pools increased. The primary vector in the ROK, Anopheles sinensis, occurred in water with a wide range of
values for environmental factors, including pH, total dissolved solids, percent of surface covered with floiting
vegetation, and nitrate and phosphate concentrations. No environmental factor or combination of factors were
found that were predictive of high larval densities. This study suggests that larval Anopheles are capable of
developing in a wide range of stagnant, freshwater habitats in northern Kyunggi Province, ROK.
KEY WORDS Anopheles sinensis, Anopheles lesteri, Anopheles yatsushiroen.si.r, habitat, Republic of Korea,
water quaf ity. Plasmodium vivax
INTRODUCTION
After an absence of more than l0 years, malaria
(Plasmodium vivax) has reemerged in the Republic
of Korea (ROK) (Feighner et al. 1998). The number
of detected cases grew from I in 1993 to 3,719 in
1999. Of all cases diagnosed in the ROK through
1999,83 (2.23Vo) cases occurred in American mil-
itary personnel or Korean augmentees to the U.S.
Army. As of December 2OOO, 16 confirmed cases
had occurred in American personnel stationed in
the ROK for that year alone (Preventive Medicine
Directorate, l8th MEDCOM, personal communi-
cation). To date, the focus of the disease has been
in Paju County just south of the Korean Demilita-
ized Zone (DIN{IZ) that separates North and South
Korea. Large populations of military personnel,
both American and Korean, are stationed in this
area.
The strain of P. vivax transmitted in the ROK is
well adapted to a temperate climate and demon-
strates both short and long incubation periods. Long
incubation periods of greater than 6 months in-
crease the risk of returning soldiers reintroducing
malaria to the continental United States, making
malaria control in Korea even more important
(Walter Reed Army Institute of Research 1999).
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One of the best-documented instances of local
transmission in the USA occurred after the visit of
an American soldier to a Girl Scout camp in Cali-
fornia where vector Anopheles were abundant (Bru-
netti et al. 1954).
Until recently, malaria prevention policies for
American soldiers in high-risk areas of the ROK
relied exclusively on vector control and personal
protective measures (PPM). However, Strickman et
al. (2001) reported acceptable vector and disease
control in areas treated with residual insecticides
and command emphasis on personal protection.
The U.S. malaria policy was modified in 1999 by
placing more than 6,000 American soldiers sta-
tioned north of the Imjim River on chloroquine/
primaquine chemoprophylaxis. Although these
drugs are still effective against the strain of P. vivax
in the ROK, some concerns exist about relying on
this method as the primary means of malaria con-
trol. For instance, soldiers stationed in areas south
of the Imjim River often train lbr several days in
camps considered to be high-risk areas north of the
river. During 1999, soldiers training in high-risk ar-
eas were placed on chemoprophylaxis before the
exercise until the end of the malaria season in Oc-
tober. During the 2000 malaria season, only soldiers
residing north of the Imjim River were placed on
chemoprophylaxis. Soldiers entering these areas
only for training depended solely on the use of
PPM, including permethrin-treated uniforms, prop-
er weerring of the uniform (pants tucked into the
boots and shirt sleeves rolled down), and topical
repellents.
In addition to PPM, an area-based control meth-
od might provide better malaria conffol in those
areas with transient military populations. Strickman
et al. (1999) suggested that Iarviciding in mosquito
habitats around American installations could be a
useful control method if such efforts were coordi-
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nated with Korean civilian authorities. One advan-
tage of larviciding would be that protection could
be conferred on all soldiers in the high-risk areas,
regardless of their length of exposure. However, the
cost of such a larviciding program is unknown and
would require significant information on the bio-
nomics of vector larvae in the malaria endemic ar-
eas. In addition to the coordination of a larviciding
program with the surrounding Korean community,
cost would be a major consideration. Cost compar-
isons with other control methods, especially che-
moprophylaxis, would be essential.
The cost of larviciding is a function of the size
of the larval habitats and the cost of treatment per
unit area. However, the following 3 questions about
the local vectors must be answered before the size
and location of larval habitats requiring treatments
can be determined. What larval habitats occur in
the high-risk area? What species of mosquito larvae
occur in the local habitats? Which mosquito species
are proven malaria vectors? This paper describes
efforts to answer these questions and to develop a
quick and reliable means of surveying habitats in
Korean malaria foci.
Successful larval control requires the ability to
identify larval habitats and to distinguish between
sites with high and low vector populations in a
timely manner (Wood et al. 1991). Limited mos-
quito control assets in the ROK require prioritiza-
tion of the areas in need of pesticide applications;
this can be achieved with larval surveillance. One
approach to surveillance is to identify key environ-
mental factors that predict the presence of vector
populations, then to use these factors as markers to
predict the presence of significant larval densities
either in an indirect survey or in a remote sensing
system. Many such environmental factors have
been identified for a variety of vectors. For exam-
ple, throughout much of its extensive range, Anrsph-
eles pseudopunctipennis Theobald was associated
with green filamentous algae and aquatic vegetation
in sunlit freshwater stream pools (Manguin et al.
1996b). In southern Mexico, high populations of
Anopheles albimanus Wiedemann were linked to
flooded, unmanaged pastures at an elevation below
25 m (Rodriguez et al. 1996). Positive associations
between the density of An. pseudopunctipennis and
the presence of filamentous algae or the plarfi Het-
eranthera spp. occurred during the dry season
(Savage et al. 1990). In Venezuela, Anopheles
aquasalis Curry was collected most often in brack-
ish mangrove swamps and larval populations varied
with the water salinity, whereas Anopheles oswal-
doi Peryassu was associated with permanent fresh-
water habitats (Grillet 2000). In Belize, the habitats
of Anopheles darlingi Root were characterized as
being river margins with patches of floating debris
(Manguin et al. 1996a). Vector populations also
have been associated with pH and percent tree cov-
er (Rejmankova et al. 1998).
Researchers have developed models to predict
the presence or abundance of vector populations
based on environmental factors by using logistic
regression (Savage et al. 1990), multivariate re-
gression (Rodriguez et al. 1996, Grillet 200O, Mon-
cayo et al. 2000), and global information system
techniques (Roberts and Rodriguez 1994, Roberts
et al. 1999). Models of this type have the potential
to improve the efficiency of malaria vector control
and surveillance programs in the ROK, but few if
any have been developed for the indigenous malar-
ia vectors.
Malaria vectors in the Republic of Korea
In a review of Korea's arthropods of public
health importance, Chow (1973) mentioned only 2
potential malaria vectors: Anopheles sinensis (Wie-
demann) and Ano phe le s yat s us hi ro ensl.s Miyazaki.
Of these 2 species, Chow considered the fomer to
be the most important vector. This conclusion gen-
erally has been considered correct by subsequent
authors, but questions about the taxonomy of An.
sinensis and others in the Hyrcanus Group have
caused significant confusion. In particular, the dif-
ficulty of distinguishing An. sinensis from Anoph-
eles lesteri Baisas and Hu is of some importance
because the vector potential of the latter species is
unknown. Tanaka and others (1979) considered An.
lesteri, rather than An. sinensis, to be the probable
primary vector of malaria in Japan, but little work
has been performed on this species on the Korean
peninsula.
In a survey of malaria vectors in Kyonbuk, Ko-
rea (Joo and Kang 1992), An. sinensis was the only
species considered, even though it generally is con-
sidered to be strongly zoophilic. Ree and others
(1973) reported only 3 Anopheles species caught in
light traps (An. sinensis, Anopheles sineroides Ya-
mada, and An. yatsushiroensis). Anopheles sinensis
comprised 957o of the anophelines and l87o of the
total mosquito population. Strickman and others
(1999) caught the same 3 species in light traps in
the northern ROK, but also caught I specimen
identified as An. lesteri. In that study, larval sur-
veillance indicated densities of 0.02 to 3.1 larvae/
dip in rice fields surrounding a military training
area with a probable history of malaria transmis-
sion. A later collection (Strickman et al. 2OOl)
caught many more adult An. lesteri and An. yatsu-
shiroensis, none of which were positive by enzyme-
linked immunosorbent assay for P. vivax circum-
sporozoite antigen. In fact, only 2 out of 2,376 An.
sinensis tested for malaria infection were positive.
Therefore, although An. sinensis is not considered
to be an efficient vector, its relative abundance and
the detection of P. vivax antigen only in this species
implicate this mosquito as the primary vector in the
ROK.
This study investigated the distribution of larvae
of Anopheles among various larval habitats and at-
tempted to identify environmental factors that could
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Table 1. Mosquito species taken from larval habitats in
northern Kyunggi Province, Republic of Korea, and
reared to adults (June-September 200O).
Species
(no. specimens)
reared to
adult stage
Habitats where species
was found
Anopheles sinensis (442)
An. Iesteri (42)
An. yatsushiroensis (3)
Aedes vexans (277)
Culex vagans (41)
Cx. pipiens (79)
Cx. orientalis (36)
Cx. tritaeniorhynchus(30)
Cx. mimeticus (7)
Cx. hayashi (3)
Cx. bitaeniorhynchus
(10 )
Cx. rubensis (l)
Rice field, stream pool, drain-
age ditch, irrigation ditch,
marsh
Rice f ie ld.  st ream pool .  i r r iga-
tion ditch
Irrigation pond, drainage ditch
Rice field. stream pool, drain-
age ditch, irrigation ditch,
irrigation pond, marsh
Rice f ie ld.  st ream pool .  drain-
age ditch
Rice field, drainage ditch, irri-
gation ditch, irrigation
pond, marsh
Rice f ie ld.  st ream pool .  drain-
age ditch
Rice field, drainage ditch, irri-
gation ditch
Rice field, stream pool
Irrigation pond
Irrigation ditch, stream pool
Marsh
be used to efficiently locate the sites producing the
greatest number of malaria vectors.
MATERIALS AND METHODS
The study was performed from June through
September 2000 in the northwestern part of Kyung-
gi Province, ROK, about 60 km north of Seoul, and
near the DMZ in the vicinity of Munsan, Paju
County. This area was characterized by a temperate
climate with 4 distinct seasons. Average tempera-
tures ranged from -7 to 2'C in the winter and up
to 2O-29"C in the summer. Monsoons usually affect
the area, with the heaviest average rainfall by sea-
son occurring in the summer months (mean : 258
mm./month). The summer of 2000 was unusually
dry; however, typhoon-associated rainfall was sig-
nificant and provided enough precipitation to flood
many of the study sites, especially the streamside
pools. Sample sites were concentrated in the areas
surrounding the Camp (CP) Casey complex and CP
Greaves (both U.S. military bases). The CP Casey
complex consisted of 3 military facilities that in-
cluded the contiguous CPs Castle and Hovey. A
large, permanent stream that was prone to flooding
transected the complex. The towns of Tongduchon
and Tokori surrounded the CP Casey complex on 3
sides, but rice cultivation continued at the interfaces
between the camps and villages.
The CP Greaves area was smaller and located in
a rural environment. A high bluff overlooking the
Imjim River bordered the southern perimeter of CP
Greaves. Rice farming was extensive on both sides
of the river and continued from the camp into the
DMZ. Cattle and goat herds were located near the
eastem extension of CP Greaves.
The area around CP Greaves was characterized
by low, wooded hills separated by shallow valleys.
The valleys usually were planted in rice, but also
supported crops of peppers, corn. onion, ginseng,
and cabbage. Camp Casey was surrounded by
steeper, rockier hills that may have exceeded 300
m in height. Other than the I large stream tran-
secting CP Casey, few natural streams occurred in
the study areas. Numerous irrigation ditches and
ponds were interspersed between the rice paddies,
providing a variety of potential larval habitats.
Six habitats were identified for sampling purpos-
es: rice fields, irrigation ditches, drainage ditches,
marshes, stream pools, and irrigation pools. The
rice fields were typically small (less than 1,300 m' )
and were bordered by dikes ranging in height from
0.3 to 2.0 m. Early in the season, the dikes were
typically mowed and devoid of tall vegetation;
however, the degree to which the borders were
maintained varied, and some became overgrown
later in the season. The rice fields were transplanted
with seedlings in May through early June. Irrigation
or flooding of the rice fields was inconsistent so
that some were flooded whereas others at the same
stage of plant development were not. Irrigation
ditches ranged in size from small troughs 0.3 m
deep to large canals up to 2 m wide and 1 m deep.
Drainage ditches also varied in size and were fre-
quently lined with concrete or stone. Stream pools
were observed only at CP Casey and were all up-
stream of a wastewater treatment plant. Pools
ranged in depth from a few centimeters up to I m,
and in surface area from less than 1 m2 to about
100 m' . They often supported heavy algal mats and
had sand or mud bottoms; large stones or concrete
sides surrounded most ofthe pools. Irrigation ponds
were located nea.r the rice fields and provided water
for irrigation. The ponds were usually about 1.5 m
deep (range: 800-2,100 mm) with steep sides. Ear-
ly in the season, few larvae were found in these
sites, but by August, large populations of larvae
occurred among the algae growing along the edge.
Marshes were not common so only 2 were sampled
during this study. The marshes supported a wide
range of vegetation and were always flooded. The
2 marshes were included only for a general survey
of the species present and were not included in sta-
tistical analyses.
Data collection: Initlally,60 study sites were se-
lected and located with a Garmin III@ handheld
global positioning satellite (GPS) unit (Garmin In-
ternational Inc., Olathe, KS). The GPS positions
were collected for entry into a geographic infor-
mation systems database to determine the size of
larval habitats in high-risk areas. Thirty sites were
